Good experience with clam cystoplasty is reported for 28 patients (14 female), 89% of whom had a neuropathic bladder. Prolonged conservative treatment had failed in all cases. The efficacy of the operation in terms of continence, increased bladder compliance, and bladder capacity was confirmed. Complications were common and included inability to void (70%) requiring clean intermittent catheterisation (CIC) , recurrent urinary tract infection (59%) and stone formation (22%). Due to these complications, further surgery was required for 44% of the patients. Although clam enterocystoplasty is an efficient way to reconstruct a functionally disturbed urinary tract, careful patient selection is essential. Lifetime follow-up and recognition of the most frequent complications is mandatory.
Introduction
The use of gastrointestinal segments for bladder aug mentation has increased over the last decade. The purpose of bladder augmentation is to create a reser voir that can store adequate amounts of urine at low pressure, thus preserving the upper urinary tract from damage and facilitating continence. These goals can be achieved by conservative therapy: anticholinergic drugs with or without clean intermittent catheterisation (CIC). If these measures fail, more invasive techniques can be helpful. Bladder distention, bladder transection, transvesical phenolisation of the pelvic plexus, auto augmentation, augmentation, and rhizotomy with sacral root-stimulator implantation have been reported to have varying degrees of success.
Patients and methods

Patients
The files of the patients who underwent a bladder augmentation were analysed retrospectively. Between July 1987 and July 1993, 28 patients underwent augmentation (14 women, 14 men). The ages varied from 5 to 54 years (mean 26 years), and the follow-up periods varied from 3 to 72 months (mean 31 months). No patient was lost to follow-up. Table 1 shows the underlying disease. Half of the patients had a meningomyelocoele, while the second largest group consisted of spinal trauma patients (20% ).
All patients had been evaluated with video-uro dynamics. The majority (89%) showed urodynamically a hyperreflex or low compliant bladder. Nine patients had reflux and all but one were incontinent (96%). A patient was considered incontinent if pads were needed and if urge or stress incontinence was proven by urodynamics. Table 2 shows the prior therapies. Eighty nine per cent of the patients received anticholinergic drugs for 14 to 192 months (mean 69 months) preoperatively; five patients (18%) had undergone surgical correction of incontinence; three nephrectomies had been per formed, two of which were due to reflux nephropathy; nine refluxing ureters had been reimplanted prior to bladder augmentation in seven patients. The preoperative urodynamic findings (Table 3 ) showed a mean low bladder compliance (6. V / 6.P) of 7.4 and a mean low bladder capacity of 235 ml. Leak pressure was reached in 26 patients during urodynamic investigation, the mean leak pressure being 72 cm H 2 0. Twenty two patients (79%) showed a compliance less than 10. Three patients had a neuropathic bladder with neuropathic sphincter deficiency; two patients had a low bladder capacity; and one patient presented with intense bladder pain during filling.
At the time of augmentation, reflux was present in 17 ureters in 14 patients (50%) of which four patients were treated before for reflux (two nephrectomies, two recurrences) ( Table 4) .
Surgical technique
The technique used in this series was first described by Bramble (1982) for refractory urge incontinence.! It was popularised by Mundy and Stephenson. The bladder is opened like a clam, bivalving it almost completely in the coronal plane. The incision is carried on 1.5 cm proximal to the internal urethral meatus, anterior to the ureteric orifices. ! -2 In 26 patients, a preterminal ileum segment of 15 to 60 cm (mean 21 cm) was then isolated with its own blood supply and detubularised by incising the anti-mesenteric border. The ileal patch was sewn into the bladder defect with a single layer of running 2.0 polygluconate suture (VicryIR). Bowel continuity was restored using staples. In one patient, the ascending colon was used. In one patient with borderline renal function, the stomach was used. In all of the patients, the augmented bladder was diverted for 12 days with a suprapubic catheter. After 12 days cystography was done to check the watertight ness of the suture. If no leakage was observed, the catheter was removed and a temporary transurethral catheter was left for a few days. After removal of the latter, the patient could start emptying the bladder, either by straining, or by clean intermittent catheter isation. In 13 patients, 19 other surgical procedures were performed during the augmentation; these are de scribed in Table 5 . In seven patients, nine refluxing ureters were treated (two ureterectomies, seven anti reflux). In three patients, definitive bladder neck closure was performed with bladder diversion. In four patients, a surgical urethral continence procedure was performed.
Results
The hospital stay varied from 16 to 180 days (mean 31 days).
The postoperative urodynamic findings after a mean follow-up of 31 months (3-72 months) are listed in Table 6 . The mean compliance was 27.1, and the mean bladder capacity 511 ml. Only 10 patients reached leak pressure (mean 46 cm H 2 0). Grade I reflux persisted in two ureters in two patients.
The postoperative bladder emptying situation is set out in Table 7 .
Incontinence persisted in 30% of the patients and was caused by low urethral resistance in four patients and by persistent hyperreflex bladder contractions in four patients. In the former four patients, an artificial sphincter was later successfully implanted, giving over all postoperative incontinence of 15%. The short-term complications are indicated in Table  8 . One patient died 4 weeks after augmentation because of a massive pulmonary embolism. The longest hospital stay of 180 days followed an illness from general peritonitis in the patient with the sphincter implantation. Urosepsis occurred in three patients, and three patients required a surgical intervention for short-term complications. These interventions con sisted of removal of a broken catheter, removal of the artificial sphincter, and drainage of a perivesical abscess.
The long term complications are listed in Table 9 . Adhesions of the ileum patch necessitated remodelling 9 months postoperatively in one case, resulting in an acceptable urodynamic situation. One patient devel oped a urethral fistula by traumatic CIC, and five patients developed bladder or kidney stones. Chronic infections of the augmented bladder occurred in 59% of the cases. Furthermore, as a result of these complica tions, one or more reinterventions were necessary in nine patients. These are listed in Table 10 . The total number of patients requiring reintervention following complications, therefore, was 12 (44%). If we include the four patients who were later given an artificial sphincter, 59% of the patients needed a reintervention after augmentation.
Discussion
Although bladder augmentation was already being performed in 1958 for interstitial cystitis and tubercu lous cystitis,3 only at the end of the seventies did it become popular for the treatment of bladder dysfunc tion. Surgical bladder augmentation is used to recon struct the impaired lower urinary tract. The purpose of this intervention is to preserve the upper urinary tract from function loss and possibly to achieve continence. 
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1" 1 Low compliance and high-pressure hyperreflexic detrusor contractions threatening the upper urinary tract despite conservative therapy are the indications for this intervention. Because bladder augmentation means urinary retention, the technique only became popular after the widespread acceptance of CIC. 4 Careful patient selection is mandatory: the patients must have or be at risk of having upper urinary tract damage due to bladder dysfunction which cannot be influenced adequately by conservative means of treat ment. In this series the largest group consisted of patients with a neuropathic bladder disease (89%). The use of the technique in the epispadias-extrophy com plex, urethral valves, and radiocystitis is described, but this group is small in the present series (only two patients).
The preoperative video-urodynamic results (low compliance, low capacity, incontinence, and reflux despite conservative treatment) indicate the severity of bladder dysfunction in this series.
One of the difficulties in the preoperative decision making is the need for concomitant ureter reimplanta tion. The degree of reflux on cystography and impaired function on radionuclide scanning can provide helpful information. In those with low-grade refluxing ureters and non-impaired kidney function, the augmentation alone will be sufficient: in six out of eight with refluxing ureters, the reflux disappeared due to the augmenta tion alone. Ureter reimplantation is by far the most frequently associated procedure in this series (seven reimplantations) .
The second difficulty in the preoperative decision making concerns urethral resistance. Is simultaneous correction of a low urethral pressure (sling-colposus pension-artificial sphincter) indicated? The preopera tive urodynamic results can be helpful. Stress inconti nence will be important even after augmentation in patients with sphincter deficiency. The judgement of sphincter activity and the measurement of leak pressure during urodynamic investigations are of particular importance in this respect. An artificial sphincter implant is a challenge: in this series only one simultane ous implant was performed, with poor results. Thus, delayed implantation was chosen and was performed successfully in four patients. Other groups report good results with simultaneous implantation. 5 The third important preoperative decision concerns bladder emptying. One should always assume that augmentation will result in retention, especially if simultaneous correction of low urethral pressure is performed. The possibility of CIC has to be discussed with the patient who should be trained before the augmentation. In this series 70% performed CIC. Continence was achieved in 95% of these patients. All the patients using straining were incontinent. In one patient, the CIC ability was overestimated, resulting in urethral perforation and a vesicovaginal fistula. After dosing the bladder neck, a Mitrofanoff diversion was performed.6 This diversion was chosen in two addi tional patients. The first had an epispadias-extrophy complex, making catheterisation of the urethra impos sible; the second was a wheelchair-bound girl with a myelomeningocoele. These patients are the ideal candidates for the Mitrofanoff procedure.
Patients with a ventriculoperitoneal shunt constitute an important subgroup. There is a risk of infection and dysfunction of the shunt,7-8 thus antibiotic prophylaxis is mandatory. One patient developed headache and lost consciousness after augmentation. A shunt compli cation was feared but the symptoms resolved sponta neously.
The results in this series match the expectations. The mean compliance (6 V / 6P) increased from 7.4 to 27.1 and the mean bladder capacity from 235 ml to 511 ml. Seventy per cent of the patients became continent, in contrast to 4% continent patients preoperatively. After implantation of an artificial sphincter at a second operation, the rate increased to 85%. Postoperatively, anticholinergic drugs are still needed, due to persisting low bladder comfliance and intermittent high intra vesical pressures. After 9 months, the maximal effect of the intervention is reached. 1 0 Nevertheless, it is important to note that good results are achieved only at the expense of complications and that good final results depend on early diagnosis and treatment of these complications. In addition to the complications inherent in major surgery, there are some specific ones.
Chronic infections are frequent. In this series, 59% of patients were infected,l1 the cause being multifactor ial. The intestinal mucosa probably plays a major role in the persistence of infection, for the mucus layer makes it difficult for antibiotics and antiseptics to reach the mucosa. Introduction of bacteria during CIC is frequent and favours infections. These infections probably play a major role in the increased risk of malignancy in the intestinal mucosa of neobladders. Bacteria form n-nitrosamines from urinary urea, which are carcinogenic. The literature describes nine cases of malignancy in an ileum bladder (seven adenocarcino mas, two transitional carcinomas).1 2 ,13 If the colon is used for augmentation, this risk is even higher.
In this series, metabolic acidosis was found in about 20% of the patients. When necessary, it was treated Augmentation cystoplasty P Mast et 01 with bicarbonate. The ileal mucosa contains separate cation and anion exchangers. Sodium and chloride are absorbed against a concentration gradient (active pro cess). When chloride absorption exceeds sodium absorption, there is a net loss of bicarbonate into the lumen, resulting in acidosis. The acidosis in ileocysto plasties tends to decrease with time probably subse quent to villous atrophy of the mucosa. 1 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The presence of natural intestinal secretions (mucus) can also be troublesome as the intestine continues to secrete.17 These secretions can obstruct the catheter for CIC. Furthermore, the mucus can cause stone forma tion18 and favours chronic infection. Regular bladder irrigation with saline can help to evacuate these mucus plugs. Mucolysis can be achieved with acetylcystein instillation, which facilitates evacuationY Recently, the efficacy of Hz-blockers in diminishing the mucus production has been demonstrated. 19 It is also impor tant to note that iodium-contrast products can stimulate mucus secretion. 20 Preventative intake of Hz-blockers before carrying out radiological investigations (cysto graphy, IVU) can be useful. In this series one instance of mucus bladder tamponade was observed.
As mentioned above, stone formation is another major complication. It was found in 22% of the patients in this series. The cause is multifactorial (Figure 1 ). In patients who are already immobilised, calcium carbon ate is mobilised from bone to buffer metabolic acidosis. The carbonate combines with hydrogen ions and calcium is excreted in the urine . 16 Moreover, chronic infection in combination with mucus forms an ideal environment for stone formation. 18 Bile salts diarrhoea in augmented patients was a rare complication in this series. Preserving the terminal ileum tends to avoid this problem. 2 1 Cholestyramin gives good results if diarrhoea occurs despite this measure. Bladder rupture has been assessed regularly in the literature, 22 -2 5 but this complication did not occur in our series. Bladder overdistention causing vascular insufficiency probably causes this life-threatening event. Brisk movements can also cause rupture because of the inertia of large urine masses. Therefore patients are advised not to allow their bladder content to become too great and to catheterise their bladder before physical exercise. Every option is possible in choosing the segment of the gastrointestinal tract for augmentation. The ileum provides a good compliance; the stomach also has a good compliance and will also prevent chronic infection because of the acid environment it creates. Further more, resorption through the stomach mucosa does not occur, which makes this segment ideal for patients with border-line kidney function. Mucus production also does not occur, thus the risk for malignancy is probably less than with both of the other segments. In spite of these positive features, H + secretion can cause meta bolic alkalosis. Furthermore, stomach ulcers were observed. Patients with a low diuresis are not good candidates for this operation, nor are patients with normal urethral sensitivity; acid urine causes extreme dysuria in patients with normal sensitivity.
Finally, the mortality of augmentation in our series was 4%. Indeed, one patient died 4 weeks postopera tively following a massive pulmonary embolism.
Conclusion
Clam enterocystoplasty is an excellent form of treat ment for those with therapy-resistent low compliance, and low-capacity bladders. Augmentation is not with out complications; however, careful patient selection is vital and the evaluation of simultaneous additional urinary tract operations is essential. Augmentation causes major physiological disturbances, thus lifetime follow-up is mandatory. Good long term results can only be achieved with early recognition of any compli cation.
